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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _____     2.3,  2.4,  2.6________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _2.6_To make high-quality sections, equilibrate the tissue in the cryostat at -20 °C for 1 hour.______
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this immunohistochemical staining method is to visualize combined expression of axon-sorting molecules at the axon termini of olfactory sensory neurons (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Yuji Ikegaya: This method can help characterize key processes in the field of olfactory development, such as axon guidance, synapse formation and regeneration of olfactory sensory neurons. 
1.2. Yuji Ikegaya: The main advantage of this technique is that it allows scientists to compare and analyze the expression patterns of axon-sorting molecules in the olfactory bulb without staining variation between sections.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Naoki Ihara: Visual demonstration of this method is critical as the embedding step is difficult to learn, because the position and angle of an olfactory tissue sample in a mold are hard to describe in words.   
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the animal experiment ethics committee at the University of Tokyo and according to the University of Tokyo guidelines for the care and use of laboratory animals

Protocol: (read by voice talent at JoVE)
2. Preparation of Parasagittal Olfactory Bulb Sections
2.1. Start with heads from mice of 1 to 2 weeks of age that have been fixed by intra-cardiac perfusion of 4% paraformaldehyde [1-MED-TXT]. Insert a scissor blade into the space between the upper and lower teeth and cut horizontally to remove the lower jawbone [2-MCU]. 
2.1.1. Talent at bench with all required materials for steps 2.1 - 2.5 and two or three mouse heads. Talent picks up one head. TEXT: See written protocol for details. 

2.1.2. *film as written. 
2.2. Then trim away excess tissue with forceps and scissors to leave the olfactory tissue including the olfactory bulb and olfactory epithelium [1-CU].
2.2.1. The last of the excess tissue is cleared using forceps and the cleaned olfactory tissue is visible to camera at the end of the shot. 
2.3. Immerse the olfactory tissue in PBS to remove air in the nasal cavity [1-MED]. 
2.3.1. Talent immerses the tissue in a conical tube containing PBS. 
2.4. Then make a vertical cut to remove the posterior part of the brain [1-MCU], and place the olfactory tissue on the bottom of an embedding mold with the cut end face down [2-MED]. 
2.4.1. *film as written. 
2.4.2. *film as written. 
2.5. Fill the mold with optimal cutting temperature compound [1-MCU], and then immerse in liquid nitrogen [2-MED]. 
2.5.1. The brain is surrounded by OCT until the mold is full. 
2.5.2. Talent immerses the mold containing the brain in liquid nitrogen. 
2.6. After the tissue and OCT is completely frozen [1-MCU], equilibrate the tissue in the cryostat at -20 °C for 1 hour [2-MED-over the shoulder-TXT]. 
2.6.1. The now frozen mold is pulled out of the liquid nitrogen and held for a few seconds, its frozen state visible to camera. 
2.6.2. Talent places the tissue in the cryostat and closes the screen. TEXT: Repeat the dissection and freezing procedure with the other mouse brains. 
2.7. Now make serial parasagittal sections of the olfactory bulb with a cryostat [1-MED-TXT], and collect them by sticking to MAS-coated glass slides [2-CU]. 
2.7.1. Talent sectioning the brain at the cryostat. TEXT: 10 μm thickness. 
2.7.2. A slice is collected on a slide. 
2.8. After sticking, dry the slides immediately with a blow dryer [1-MED].
2.8.1. Talent dries a set of slides with a blow dryer.  
3. Quadruple Immunostaining of Olfactory Bulb Slices: Day 1
3.1. Begin immunostaining by washing the dried slides with PBS for 5 minutes at room temperature [1-MED-TXT]. 
3.1.1. Talent immerses the set of slides (contained in a stainless-steel rack) in a glass staining dish containing PBS. TEXT: Repeat 2 times for a total of 3 washes. 
3.2. Block nonspecific binding sites by incubating the slides for 1 hour with 5% blocking solution at room temperature [1-MED-over the shoulder-TXT]. 
3.2.1. Talent transfers the slides to a container of blocking solution. TEXT: See written protocol for details.  
3.3. Then add 400 microliters of a cocktail of primary antibodies diluted in 1% blocking solution to each slide [1-MCU]. 
3.3.1. Talent pipettes 400 microliters of antibody cocktail onto one slide and then another. TEXT: guinea pig anti-Kirrel2 (1:1000), goat anti-Semaphorin-7A (1:500), rat anti-OL-protocadherin (1:500), and mouse anti-vesicular glutamate transporter2 (1:500). 
3.4.  Incubate the slides overnight at room temperature [1-MED-over the shoulder]. 
3.4.1. Talent places a cover over the slides (or puts them is box) and then walks out of shot. 
4. Quadruple Immunostaining of Olfactory Bulb Slices: Day 2
4.1. The next day, discard the primary antibody solution [1-MED] and wash the slides with PBST three times for 5 minutes each at room temperature [2-MCU-TXT]. 
4.1.1. Talent picks up a slide, pours off the antibody and places the slide in the stainless-steel rack. 
4.1.2. The rack containing the slides is immersed in a glass jar of PBST. TEXT: 0.01 M PBS with 0.3% Triton X-100. 
4.2. Then add 400 microliters of a cocktail of secondary antibodies in PBS to each slide [1-MED-over the shoulder-TXT]. Protect from light, and incubate for 1 hour at room temperature [2-MED]. 
4.2.1. Talent adding secondary antibody cocktail to the slides. TEXT: Secondary antibodies: donkey anti-mouse Alexa Fluor 405 (1:400), donkey anti-goat Alexa Fluor 488 (1:400), donkey anti-guinea pig Alexa Fluor 555 (1:400), and donkey anti-rat Alexa Fluor 647 (1:400). 
4.2.2. Talent places a cover wrapped in foil (or a solid box lid) over the slides and then starts a countdown timer set to an hour. 
4.3. Following the incubation [1-MED-over the shoulder], discard the solution, and again wash the slides three times for 5 minutes each with PBS at room temperature [2-MED]. 
4.3.1. Talent enters the shot and stops the countdown timer. 
4.3.2. Talent pours off the secondary from the last slide, places it in the rack with the other slides, and then places the rack in the glass container of PBS. 
4.4. Finally, mount coverslips on the slides by applying 2 drops of mounting medium to each slide [1-MED], placing the coverslip [2-CU], and removing air bubbles [3-MED]. 
4.4.1. Talent draws up mounting medium and then applies two drops to a slide. 
4.4.2. The cover slip is placed on the slide. 
4.4.3. Talent removes air bubbles by turning the slide over on a tissue/paper towel or by the authors’ usual method. 
5. Fluorescence Intensity Measurements
5.1. Obtain fluorescent images with a fluorescence microscope using the appropriate filter for each fluorophore [1-MED-over the shoulder-TXT]. 
5.1.1. Talent at microscope obtaining images (detail not required). TEXT: See written protocol for details.  

5.2. Adjust the exposure time to obtain fluorescent signals of the image without saturation [1-LM].
5.2.1. LAB MEDIA: 55893_Takeuchi_Figure1B_sema7a. Video Editor – please saturate this image (brighten and intensify the color) and then reduce the saturation to that shown in the original image. 
5.3. Define the glomerular structure by immunofluorescence signals of VGLUT2 (pronounced vee-glut-2) [1-LM]. 
5.3.1. LAB MEDIA: 55893_Takeuchi_Figure1B_vGlut2
5.4. Use ImageJ to measure staining intensities of axon-sorting molecules within glomeruli [1-MED-over the shoulder]. 
5.4.1. Talent working at computer opening ImageJ. 
6. Results: Quantification of Axon-Sorting Molecules in the Olfactory Bulb
6.1. This image shows a parasagittal olfactory bulb section from a 2-week-old mouse immunostained with antibodies against vGLUT2 [1-LM-TXT], Kirrel2, shown in red [2-LM], Semaphorin7A, shown in green [3-LM], and OLPC in blue [4-LM]. The merged image demonstrates that the axon-sorting molecules involved in glomerular segregation are expressed in a position-independent mosaic manner [5-LM]. 
6.1.1. LAB MEDIA: 55893_Takeuchi_Figure1B_vGLUT2 (just the vGlut2 image)
6.1.2. LAB MEDIA: 55893_Takeuchi_Figure1B_kirrel2 (just the kirrel 2 image). TEXT: Scale bars: 100 μm. Video editor – it should be possible to just fade to each image. 
6.1.3. LAB MEDIA: 55893_Takeuchi_Figure1B_sema7a (just the sema7a image)
6.1.4. LAB MEDIA: 55893_Takeuchi_Figure1B_OLPC (just the OLPC image)
6.1.5. LAB MEDIA: 55893_Takeuchi_Figure1B_merge (just the merged image)
6.2. Each glomerulus is defined by fluorescent signals of the pre-synaptic marker VGLUT2. The glomerular structures are surrounded by dashed lines [1-LM]. 
6.2.1. LAB MEDIA: 55893_Takeuchi_Figure2A_vGlut2 (just the vGlut2 image from figure 2). Video Editor please highlight the dashed lines in time with the narration. 
6.3. Signal intensities of axon-sorting molecules were measured in each glomerulus. As seen here axon-sorting molecules are differentially expressed in each glomerulus [1-LM]. 
6.3.1. LAB MEDIA: 55893_Takeuchi_Figure2A_all_panels (this is all of panel A). Show image. 
6.4. For example, glomerulus number 3 has high levels of OLPC [1-LM], intermediate levels of Semaphorin7a [2-LM], and lower levels of kirrel2 [3-LM] and this difference can be quantified by measuring the staining intensity [4-LM]. 
6.4.1. LAB MEDIA: 55893_Takeuchi_Figure2A_OLPC (just the OLPC image from figure 2). Video editor – it should be possible to fade to all images in 6.4.1-6.4.3. Please also remove all other dotted lines except for that of #3. 
6.4.2. LAB MEDIA: 55893_Takeuchi_Figure2A_sema7a (just the sema7a image from figure 2). 
6.4.3. LAB MEDIA: 55893_Takeuchi_Figure2A_kirrel2 (just the kirrel2 image from figure 2). 
6.4.4. LAB MEDIA: 55893_Takeuchi_Figure2B_3 (just panel showing the glomerulus #3 data). Show image. 
6.5. Whereas glomerulus number 4 has high levels of OLPC [1-LM] and lower levels of kirrel2 [2-LM] and Semaphorin7a [3-LM]. Again, this difference can be quantified by measuring the staining intensity [4-LM]. 

6.5.1. LAB MEDIA: 55893_Takeuchi_Figure2A_OLPC (just the OLPC image from figure 2 already provided above). Video editor – it should be possible to fade to all images in 6.5.1-6.5.3. Please also remove all other dotted lines except for that of #4. 
6.5.2. LAB MEDIA: 55893_Takeuchi_Figure2A_sema7a (just the sema7a image from figure 2 already provided above). 
6.5.3. LAB MEDIA: 55893_Takeuchi_Figure2A_kirrel2 (just the kirrel2 image from figure 2 already provided above). 
6.5.4. LAB MEDIA: 55893_Takeuchi_Figure2B_3 (just panel showing the glomerulus #4 data). Show image. 
7. Conclusion (said by authors on camera)
7.1. Haruki Takeuchi: While attempting this procedure, it’s important to remember to omit post-fixation with PFA and treatment with sucrose solution, which are normally recommended. 
7.2. Haruki Takeuchi: After watching this video, you should have a good understanding of how to place more glomeruli on a single olfactory bulb section, and how to perform high-quality immunostaining with multiple antibodies, which can be applied to other brain areas. 
7.3. Haruki Takeuchi: Don't forget to hope. This method will help you succeed in your future experiments.     
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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